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Abstract
Objectives: This in vivo study was carried out to assess the influence of the operator experience on the survival 
rate of proximal-ART restorations using a two-layer technique to insert the glass-ionomer cement (GIC). 
Study Design: Forty five proximal cavities in primary molars were restored in a school setting according to the 
ART technique. The cavities were restored by two operators with Ketac Molar Easymix, and received a flowable 
layer of GIC prior to a second GIC layer with a regular consistency. The operators had different clinical experi-
ences with ART (no experience or two years of experience), but both completed a one-week training to perform 
the restorations and the GIC mixing in this study. 
Results: After a 12-month follow-up, 74% of the restorations survived; the main reason for failure was bulk frac-
ture or total loss of the restoration.There was no operator influence (log-rank test p=0.2) 
Conclusion: The results encourage future well designed controlled clinical trials using the two-layer technique for 
insertion of GIC in proximal-ART restorations, after training the operators.
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Introduction
Atraumatic Restorative Treatment (ART) is an alterna-
tive approach to manage dental caries. Studies show 
good performance for single surface restorations made 
with high-viscosity glass-ionomer cements (GIC) and 
the ART approach (1-3). However, the performance of 
proximal-ART restorations is still far from ideal (4-6). 
An important factor that may contribute to the failure 
rate of proximal-ART restoration is the highly viscous 
consistency of the GIC, which makes it a cement with 
complex handling and insertion characteristics (7). 
These characteristics can lead to an incorrect adapta-
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tion to the tooth surface, resulting in cervical gaps and 
loss of the restoration (8-11). Recent laboratory studies 
showed that insertion of a thin flowable GIC layer with-
in proximal cavities prior to the insertion of a regular 
high-viscosity GIC layer (two-layer technique), can im-
prove the material’s adaptation to tooth structures and 
increase the bond strength to sound dentin (12,13).
The success of ART-restorations can be influenced by 
many causative factors; the most often reported is an 
operator effect (1,14-18). The influence of the operator 
includes the proper use of hand instruments, cavity con-
ditioning, manipulation of the restorative material and, 
in cases of multi-surface restorations, factors such as 
correct matrix band application and sufficient cavoma-
terial adaptation (18). Differences in individual skills 
are always expected (17) and it is likely that inexperi-
enced or inadequately trained operators would perform 
worse than well trained ones (19). 
Inserting the GIC in two layers with two different con-
sistencies may enhance the operator/assistant effect for 
proximal-ART restorations, and it is not known whether 
this two-layer technique would be applicable to a school 
setting without facilities like proper illumination, suction, 
and dental chair. In this study, we proposed to use this 
new technique for insertion of GIC in proximal cavities, 
and aimed to assess the influence of operator effect in 
the survival rate of proximal-ART restorations using the 
two-layer technique in primary molars. The null hypoth-
esis tested was that there is no difference in the survival 
rate of two-layered proximal-ART restorations made by 
two operators who had different clinical experience with 
ART (no experience or two years of experience), both of 
them having followed the same training.  
Material and Methods
After examining 232 children participating in an ART 
class II (proximal cavities) study in the city of Itatiba 
(State of São Paulo, Brazil), we selected ones with an 
ART-restoration that had failed (restoration not present) 
within the first six months after placement. The selected 
occlusal-proximal cavities were in primary molars. Ex-
clusion criteria were non-cooperative behaviour, pulp 
exposure, history of pain, presence of swelling or fis-
tula, and mobility of the tooth. Forty five five-to-eight 
year old children were selected. Written consent was 
obtained from the parents, and this study was approved 
by the local Research Ethical Committee. 
The operators were one dentist who had two years ex-
perience with ART, and one final year dental student 
who had no previous experience with ART. They both 
received the same training to perform ART and mix 
the GIC according to the ART protocol and also to the 
specific technique used in this study. The training con-
sisted of theoretical lectures (12 hours), clinical dem-
onstrations (4 hours), supervised practice in extracted 
primary molars (4 hours), and supervised practice in the 
school enviroment (20 hours). Both operators were as-
sisted by final year dental students who attended to the 
same training course. The patients were allocated ran-
domly to one of the operators, and they were all enrolled 
in an oral-health program. 
No local anaesthesia was used. Infected carious tissue 
was removed with hand instruments, and the cavities 
were restored with Ketac Molar Easymix (3M/ESPE, 
Seefeld, Germany) using a metallic matrix band and a 
wedge. The cavity-dimensions were measured using the 
graduations on the Michigan’s O with Williams marks 
periodontal probe (20). All cavities received a pre-
treatment with diluted Ketac Molar™ Easymix liquid 
(10 s). A first layer of GIC with flowable consistency 
(powder/liquid ratio 1:2) was applied. The second layer 
was mixed according to the manufacturer’s instruc-
tions (powder/liquid ratio 1:1) and inserted in the cav-
ity before the final setting of the first layer (12). After 
the press-finger technique, the excess of material was 
removed. The restorations were evaluated after one, 
six, and twelve months according to the ART criteria 
adapted for proximal restorations (9). All evaluations 
were performed by one independent evaluator, trained 
and calibrated by a benchmark (Kappa = 0.89). 
Statistical analysis were carried out using Stata 11.2 soft-
ware (StataCorp, Texas, USA). The results were tested 
using linear-regression analysis, Kaplan-Meier survival, 
and a log-rank test at a 95% confidence level.
Results
At the 12 month follow-up, the survival rate was 74% 
and the lost to follow-up was 13%. Table 1 shows the 
survival/ failure percentages at six- and twelve-month 
follow-ups. 
Follow-up Survival Failure Total
6-months 38 (88%) 5 (12%) 43 (100%)
12-months 28 (74%) 10 (26%) 38 (100%)
Table 1. Survival rate and failure of proximal restorations performed 
with a two-layer technique, after six and twelve months.
Operator 1 performed 21 (47%) of the restorations while 
operator 2 performed 24 (53%). Of the 45 total resto-
rations, 20 (44%) were placed in the lower jaw and 25 
(56%) in the upper jaw; 20 (44%) were on the left side 
and 25 (56%) on the right side of the mouth; 33 (73%) 
involved the distal surface and 12 (27%) involved the 
mesial surface of the element. After one year, 38 res-
torations were evaluated; of these, 17 (45%) were from 
operator 1 and 21 (55%) were from operator 2; 18 (47%) 
were in the lower jaw and 20 (57%) in the upper jaw; 
17 (45%) were on the left side and 21 (55%) on the right 
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side of the mouth; 29 (76%) involved the distal surface 
and 9 (24%) the mesial surface of the element. Linear 
regression analysis showed no influence of any of these 
variables on the survival rate of the restorations. 
The estimated cumulative survival per operator is pre-
sented in figure 1. The log-rank test confirmed the ab-
sence of operator influence on the restoration survival 
rate (p = 0.2). Therefore, we failed to reject the null hy-
pothesis tested.
Fig. 1. Estimated cumulative survival of the two-layer proximal-
ART restorations per operator.
Follow-up Bulk fracture Secondary caries Pulp inflamation Wear of the GIC Total
6-months 2 (4.8%) 1 (2.4%) 1 (2.4%) 1 (2.4%) 42 (100%)
12-months 6 (15%) 3 (8%) 1 (3%) 1 (3%) 39 (100%)
Table 2. Main reasons for restoration failure in each period.
Discussion
This study investigated whether the insertion of a fluid 
GIC layer within proximal cavities prior to insertion of 
a regular GIC layer would be applicable to a school set-
ting, and if this new technique, in this specific setting, 
would have an operator effect. The results showed an 
acceptable survival rate, and no operator effect over 
the time period investigated (12 months). The drop-out 
rate was similar to the ones reported in the literature 
(21,22). Nevertheless, we acknowledge the limits of our 
study as having a small sample size, short evaluation 
period, and the lack of a control group for comparison. 
The absence of a control group would be a problem if 
the aim was to compare the retention rate of this resto-
ration against restorations made with the currently used 
insertion GIC insertion technique in proximal-ART res-
torations. Yet, in this study, we first aimed to evaluate 
if we could apply this technique in a field clinical study, 
using non-experienced operators, so we focused on the 
survival rate of the restorations per operator. A survival 
rate of 74% at the first year suggests that this technique 
should be further investigated. The fact that the cavi-
ties had already been previously restored may influence 
the results, as all the cavities had a second chance to be 
cleaned, and had volumes between 8 and 16 mm3 after 
preparation, which are the cavity sizes thought to have 
the best chance of survival for proximal-ART restora-
tions (23).
An operator effect on the survival of proximal-ART 
restorations has been previously reported, associating 
experience with higher survival rates (16-18). We ex-
pected that the more sensitive the insertion technique 
using flowable GIC as a liner, the greater the influence 
of the operator would be; but this was not the case, as no 
significant difference was found between the survival 
rates for the two operators. This lack of difference may 
be attributed to the fact that both operators and assist-
ants followed a comprehensive training course. This 
finding suggests that the two-layer technique may have 
no additional effect on the operator regarding the failure 
of  proximal-ART restorations. 
High viscous GIC are difficult to handle and can lead to 
inadequate adaptation to the cavity walls and cervical 
gaps (13), both of which contribute to restoration failure 
(9,10). To improve the GIC adaptation and reduce sec-
ondary caries occurence, a flowable layer prior to the 
insertion of a conventional layer is being proposed in 
the present study.  
The main reason for failure was bulk fracture or total 
loss of the restoration (Table 2), which is in accordance 
with previous literature reports (17,21,24,25). Bulk frac-
tures are generally related to the mechanical properties 
of the GIC; the use of a flowable layer as a liner might 
contribute to reduce this property, as the final mixture 
lead to fewer glass particles. However, Fonseca et al. 
(26) reported no differences in the diametral tensile 
strength of conventional GIC when the powder/liquid 
ratio was reduced by 50%.A disadvantage of the two 
layer technique might be that the second layer will not 
adhere to the first layer, contributing to bulk fractures. 
There are also patient related factors which may influ-
ence the survival of proximal-ART restorations, such as 
cooperative behavior and saliva flow. Moreover, post-
restoration meal consumption of a “hard consistency” 
may influence on the survival rate of proximal-ART 
restorations (27). The patients were instructed not to eat 
for one hour after the restoration was placed; however, it 
was not possible to supervise them. Given the age of the 
patients, it is, therefore, possible that our instructions 
were not strictly followed.  
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The literature shows that the 12-month survival rate of 
proximal-ART restorations in primary posterior teeth 
ranges between 12% and 88%, for studies conducted in 
schools (5,17,28,29). Our results showed a survival rate 
of 74% after one year (Fig. 1). To confirm the potential 
improvements delivered by the two-layer technique of 
applying GIC in ART proximal cavities, further studies, 
i.e. controlled clinical trials and investigations of the 
mechanical and adhesive properties of this two-layered 
GIC, should be conducted. 
Based on the results that there was no difference in the 
survival rate of two-layered proximal-ART restorations 
made by two operator who had different clinical experi-
ence with ART we can conclude that this technique can 
be applied in a school setting by trained operators. 
References 
1. Frencken JE, Van ‘t Hof MA, Van Amerongen WE, Holmgren CJ. 
Effectiveness of single-surface ART restorations in the permanent 
dentition: a meta-analysis. J Dent Res. 2004;83:120-3.
2. van ‘t Hof MA, Frencken JE, van Palenstein Helderman WH, Hol-
mgren CJ. The atraumatic restorative treatment (ART) approach for 
managing dental caries: a meta-analysis. Int Dent J. 2006;56:345-51.
3. Mickenautsch S, Yengopal V, Banerjee A. Atraumatic restorative 
treatment versus amalgam restoration longevity: a systematic review. 
Clin Oral Investig. 2010;14:233-40.
4. Yu C, Gao XJ, Deng DM, Yip HK, Smales RJ. Survival of glass 
ionomer restorations placed in primary molars using atraumatic 
restorative treatment (ART) and conventional cavity preparations: 
2-year results. Int Dent J. 2004;54:42-6.
5. Ersin NK, Candan U, Aykut A, Oncag O, Eronat C, Kose T. A cli-
nical evaluation of resin-based composite and glass ionomer cement 
restorations placed in primary teeth using the ART approach: results 
at 24 months. J Am Dent Assoc. 2006;137:1529-36.
6. de Amorim RG, Leal SC, Frencken JE. Survival of atraumatic res-
torative treatment (ART) sealants and restorations: a meta-analysis. 
Clin Oral Investig. 2012;16:429-41.
7. Frencken JE, Holmgren CJ. How effective is ART in the ma-
nagement of dental caries? Community Dent Oral Epidemiol. 
1999;27:423-30.
8. Salama FS, Riad MI, Abdel Megid FY. Microleakage and margi-
nal gap formation of glass ionomer resin restorations. J Clin Pediatr 
Dent. 1995;20:31-6.
9. Roeleveld AC, van Amerongen WE, Mandari GJ. Influence of re-
sidual caries and cervical gaps on the survival rate of Class II glass 
ionomer restorations. Eur Arch Paediatr Dent. 2006;7:85-91.
10. Mhaville RJ, van Amerongen WE, Mandari GJ. Residual caries 
and marginal integrity in relation to Class II glass ionomer restora-
tions in primary molars. Eur Arch Paediatr Dent. 2006;7:81-4.
11. Bonifacio CC, Kleverlaan CJ, Raggio DP, Werner A, de Carvalho 
RC, van Amerongen WE. Physical-mechanical properties of glass 
ionomer cements indicated for atraumatic restorative treatment. Aust 
Dent J. 2009;54:233-7.
12. Bonifacio CC, van Amerongen WE, Meschini TG, Raggio DP, 
Bonecker M. Flowable glass ionomer cement as a liner: improving 
marginal adaptation of atraumatic restorative treatment restorations. 
J Dent Child (Chic). 2010;77:12-6. 
13. Lenzi TL BC, van Amerongen WE, Bönecker M, Nogueira FN, 
Raggio DP. Flowable glass ionomer cement layer bonding to sound 
and caries affected primary dentin. Journal of Dental Child (Chica-
go). 2012. (in press)
14. Frencken JE, Makoni F, Sithole WD. Atraumatic restorative 
treatment and glass-ionomer sealants in a school oral health progra-
mme in Zimbabwe: evaluation after 1 year. Caries Res. 1996;30:428-
33.
15. Frencken JE, Makoni F, Sithole WD, Hackenitz E. Three-year 
survival of one-surface ART restorations and glass-ionomer sea-
lants in a school oral health programme in Zimbabwe. Caries Res. 
1998;32:119-26.
16. Rahimtoola S, van Amerongen E. Comparison of two tooth-sa-
ving preparation techniques for one-surface cavities. ASDC J Dent 
Child. 2002;69:16-26,11. PMID: 12119808
17. van Gemert-Schriks MC, van Amerongen WE, ten Cate JM, 
Aartman IH. Three-year survival of single- and two-surface ART 
restorations in a high-caries child population. Clin Oral Investig. 
2007;11:337-43.
18. Kemoli AM, van Amerongen WE, Opinya G. Influence of the 
experience of operator and assistant on the survival rate of proxi-
mal ART restorations: two-year results. Eur Arch Paediatr Dent. 
2009;10:227-32.
19. Frencken JE, Leal SC. The correct use of the ART approach. J 
Appl Oral Sci. 2010;18:1-4. 
20. Kemoli AM, van Amerongen WE. Influence of the cavity-size on 
the survival rate of proximal ART restorations in primary molars. Int 
J Paediatr Dent. 2009;19:423-30.
21. da Franca C, Colares V, Van Amerongen E. Two-year evaluation 
of the atraumatic restorative treatment approach in primary molars 
class I and II restorations. Int J Paediatr Dent. 2011;21:249-53.
22. Carvalho TS, Sampaio FC, Diniz A, Bonecker M, Van Ame-
rongen WE. Two years survival rate of Class II ART restorations in 
primary molars using two ways to avoid saliva contamination. Int J 
Paediatr Dent. 2010;20:419-25.
23. Kemoli AM, van Amerongen WE. The dilemma of selecting 
suitable proximal carious lesions in primary molars for restoration 
using ART technique. Community Dent Health. 2011;28:12-6.
24. Eden E, Topaloglu-Ak A, Frencken JE, van’t Hof M. Survival 
of self-etch adhesive Class II composite restorations using ART and 
conventional cavity preparations in primary molars. Am J Dent. 
2006;19:359-63.
25. Topaloglu-Ak A, Eden E, Frencken JE, Oncag O. Two years sur-
vival rate of class II composite resin restorations prepared by ART 
with and without a chemomechanical caries removal gel in primary 
molars. Clin Oral Investig. 2009;13:325-32.
26. Fonseca RB, Branco CA, Quagliatto PS, Goncalves Lde S, Soares 
CJ, Carlo HL, et al. Influence of powder/liquid ratio on the radioden-
sity and diametral tensile strength of glass ionomer cements. J Appl 
Oral Sci. 2010;18:577-84.
27. Kemoli AM, Opinya GN, van Amerongen WE, Mwalili SM. 
Two-year survival rates of proximal atraumatic restorative treatment 
restorations in relation to glass ionomer cements and Postrestoration 
meals consumed. Pediatr Dent. 2011;33:246-51.
28. Luo Y, Wei SH, Fan MW, Lo EC. Clinical investigation of a high-
strength glass ionomer restorative used with the ART technique in 
Wuhan, China: one-year results. Chin J Dent Res. 1999;2:73-8.
29. Deepa G, Shobha T. A clinical evaluation of two glass ionomer ce-
ments in primary molars using atraumatic restorative treatment tech-
nique in India: 1 year follow up. Int J Paediatr Dent. 2010;20:410-8.
Acknowledgments 
This study was partially supported by Fundação de Amparo à Pes-
quisa do Estado de São Paulo (FAPESP) and Conselho Nacional de 
Desenvolvimento Científico e Tecnológico (CNPq) #472882/2010-4.
